Background: Reductions in N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentrations after treatment have been associated with improved survival in people with congestive heart failure (CHF), but have not been reported in cats with CHF.
N
-terminal pro-B-type natriuretic peptide (NTproBNP) is a stable, circulating peptide, which is cleaved from prohormone, proBNP that is synthesized and released from cardiomyocytes in the atria and ventricles in response to stretch. 1 The degree of release is directly correlated with the severity of cardiac disease, making NT-proBNP an important part of the assessment of human and veterinary patients with chronic heart disease. [2] [3] [4] [5] In people with congestive heart failure (CHF), a decrease in NT-proBNP or lower absolute NT-proBNP concentrations have been correlated with a more favorable outcome. 6, 7 Studies in humans have evaluated NT-proBNP-guided management of heart failure and found that care supported by BNP/NT-proBNP-guided therapy as an adjunct to standard treatment results in better outcomes (i.e, lower rate of adverse events). [6] [7] [8] Single-time measurement of NT-proBNP has a wide array of clinical applications in veterinary medicine, including the prediction of first onset CHF in dogs with degenerative mitral valve disease, 9 prognostication in dogs with acquired cardiac disease, 10 differentiation between cardiac and noncardiac causes of respiratory signs in cats 11 and dogs, 12-14 detection of occult cardiomyopathy in cats 15, 16 and screening for occult dilated cardiomyopathy (DCM) in Doberman pinschers. 17, 18 In addition, changes in NT-proBNP concentrations have been investigated in 1 study in dogs with degenerative mitral valve disease and CHF, although changes were not associated with survival, dogs with NT-proBNP concentrations <965 pmol/L at the time of re-evaluation had a longer survival time. 19 To the authors' knowledge, investigation of a relationship between changes in NT-proBNP concentrations and outcome has not been reported in cats with CHF. An association between changes in NT-proBNP and survival could provide useful prognostic information in cats with CHF. Therefore, the objective of this study was to evaluate changes in NT-proBNP concentrations after treatment in cats with CHF and to determine whether serial NT-proBNP measurements are associated with survival time.
Materials and Methods
Client-owned cats >1 year of age presented to the Cummings Veterinary Medical Center at Tufts University with new onset CHF secondary to cardiomyopathy between March 2014 and February 2016 were eligible for the study. The Cummings Clinical Studies Review Committee approved the study, and all owners signed an informed consent form before enrollment.
The diagnosis of CHF was based on the presence of pleural effusion or pulmonary edema confirmed via thoracic radiography or thoracic ultrasound, in combination with a diagnosis of cardiomyopathy based on echocardiography. Cats were excluded if systemic hypertension (systolic blood pressure >180 mmHg) or hyperthyroidism was present, or if the blood urea nitrogen was greater than 50 mg/dL or creatinine was greater than 2.8 mg/dL. Cats also were excluded if blood for NT-proBNP concentrations was not obtained within 4 hours of admission to the hospital or if they died or were euthanized before discharge from the hospital.
Within 4 hours of admission to the hospital for a first-time episode of CHF, 4 mL of blood was collected by venipuncture under minimal restraint. Blood for a biochemistry profile and T4 (for cats >6 years of age) was submitted for analysis immediately. Blood for NT-proBNP concentrations was centrifuged, and the serum was stored at À80°C until analysis. All NT-proBNP samples were analyzed as a single batch at a commercial laboratory using a validated second generation feline enzyme-linked immunosorbent assay. 20 ,c Cats were not treated according to a standardized protocol, but according to the clinical judgment of the clinician managing the case. Although not part of the study protocol, all cats had an electrocardiogram or telemetry performed during hospitalization. Body condition score was recorded on a 9-point scale, and muscle condition score was recorded as normal, mild muscle loss, moderate muscle loss, or severe muscle loss. All cats had an echocardiogram.
d A board-certified cardiologist or resident under the supervision of a board-certified cardiologist obtained standard right and left parasternal echocardiographic views with standard echocardiographic measurements. 21 A diagnosis of HCM was made if the interventricular septum or left ventricular free wall in diastole was >0.6 cm and diagnosis of DCM was made if fractional shortening was <26% and the left ventricular internal dimension in systole was >1.1 cm. 22 In addition to the initial NT-proBNP measurement, 2 additional NT-proBNP measurements were obtained for all cats: at the time of discharge from the hospital and at re-evaluation 7-10 days later. Additional information collected for each cat included body weight, heart rate and rhythm, respiratory rate, temperature, dose of furosemide received (in mg/kg/d) in first 24 hours after admission, medications at discharge, whether thoracocentesis was performed, presence of thrombus or spontaneous echogenic contrast, and Cats' Assessment Tool for Cardiac Health (CATCH) quality of life questionnaire. 23 Owners of all cats were contacted via telephone at 3 months post-initial CHF presentation and every 3 months thereafter to obtain an update until death or euthanasia. Owners were also asked at the 7-to 10-day re-evaluation, at subsequent evaluations, and during each update call whether they were having any difficulties administering medications to their cats. The cause of death or reason for euthanasia was recorded as sudden death, worsening CHF, arterial thromboembolism (ATE), or noncardiac in origin. Date of death or euthanasia was also recorded.
Data were examined graphically and using KolmogorovSmirnov tests to test for a normal distribution. Data that were normally distributed are reported as mean AE SD, whereas skewed data are reported as median (range). Concentrations of NTproBNP were compared between categories (e.g, whether or not a cat had active CHF at the time of re-evaluation, medications administered) using Mann-Whitney U-tests, whereas NT-proBNP concentrations were compared between continuous variables using Spearman correlation tests. For survival analyses, concentrations of NT-proBNP for all cats at admission, discharge, and re-evaluation were divided into categories by the median NT-proBNP value into high (≥median) or low (<median) categories. The absolute and percent changes in NT-proBNP concentrations from admission to discharge and from discharge to re-evaluation were similarly divided into 2 categories using the median values (e.g, whether the change in NT-proBNP from admission to discharge was larger than the median value [high] or smaller than the median value [low]). Finally, based on data from studies in humans with CHF in which a decrease of 30% in NT-proBNP had prognostic value, cats were categorized into 2 groups: 1 group for cats whose NT-proBNP concentrations achieved a decrease of at least 30% from admission to discharge, and the other group for cats whose NT-proBNP concentrations did not achieve such a decrease. 24 Categories of NT-proBNP (absolute, percentage, and presence of a >30% decrease) were compared with survival times using Kaplan-Meier curves and log-rank tests. Cats still alive at the time of analysis were right-censored. In addition, after transforming the data logarithmically, NT-proBNP concentrations were compared over the course of the 3 study time points (i.e, presentation, discharge, re-evaluation) using ANOVA with repeated measures test. Survival times were also analyzed for cardiac medications; echocardiographic measurements; CATCH Questionnaire scores; laboratory variables; age; body condition score; muscle condition score; the presence of arrhythmia, systolic anterior motion of the mitral valve, cardiac gallop, or low body temperature at admission or CHF at the time of re-evaluation; and whether or not owners had difficulty administering medications to their cats. All continuous variables were transformed to categorical variables using the median value, except for laboratory values, which used the laboratory's reference ranges (e.g, hematocrit was categorized by cats above or below the lower end of reference range), for body condition score (categorized as ideal if 4-5/9, thin if <4, and overweight if ≥6), and for muscle condition score (categorized as normal or any muscle loss). Commercial statistical software e was used for all statistical analyses, and P values <.05 were considered statistically significant.
Results
Thirty-four cats were screened for the study. One cat was excluded after the pleural effusion was diagnosed to be secondary to neoplasia, and another cat was excluded for hyperthyroidism. Thirty-two cats were enrolled in the study, but 1 cat was euthanized on day 1 of hospitalization due to owner perceived poor prognosis. Therefore, 31 cats completed the study and all subsequent results refer to these 31 enrolled cats that survived to discharge. All cats were presented to the hospital for evaluation of respiratory distress. Mean age of the cats was 9.0 AE 4.3 years, with 24 males and 7 females (all neutered). The most common breed was domestic short-and longhaired cats (n = 27) and one each of Cornish rex, Maine Coon cat, Oriental shorthair, and Siamese. Median body weight was 5.5 kg (range, 3.5-9.4 kg), with a median body condition score of 5 (range, 3-9). Sixteen cats had normal muscle condition, but 14 cats had mild muscle loss, and 1 cat had moderate muscle loss. Twenty-seven cats had hypertrophic cardiomyopathy (HCM) and 4 cats had DCM. Cats had pulmonary edema (n = 25), pleural effusion (n = 21), or pericardial effusion (n = 15) at the time of admission, with 23 cats having concurrent pulmonary edema, pleural effusion, or pericardial effusion. Mean heart rate at the time of admission was 190 AE 27 beats/ min, mean temperature was 98.9 AE 2.0°F, and mean respiratory rate was 63 AE 20/min. At the time of cardiac consultation, physical examination findings included a cardiac gallop (n = 23), cardiac murmur (n = 20), and arrhythmia (n = 10, ventricular premature
Blood was collected for NT-proBNP analysis from 3 to 240 minutes (median, 100 minutes) from the time of admission to the emergency room. Median hospitalization time was 2 days (range, 1-4 days). Median NTproBNP concentrations at admission and hospital discharge were 1,713 pmol/L (range, 160 to 3,784 pmol/ L) and 902 pmol/L (range, 147-3,223 pmol/L), respectively. Median NT-proBNP concentration at re-evaluation 7-10 days after discharge was 1,124 pmol/L (range, 111-2,727 pmol/L). Median NT-proBNP concentrations decreased significantly over the course of the 3 time points (P < .012), with significant changes from admission to discharge (P = .005) and from admission to re-evaluation (P = .024), but not from discharge to reevaluation (P = .581; Fig 1) . Nineteen cats had a decrease of >30% in NT-proBNP concentrations during hospitalization (median = À56%; range, À94 to À33%). The only factor associated with the change in NTproBNP concentrations during hospitalization (i.e, from admission to discharge) was pimobendan administration. When comparing the change in NT-proBNP concentrations from admission to discharge, cats that received pimobendan (n = 16) had a significantly greater decrease in NT-proBNP concentrations (À821 pmol/L [range, À2,163 to À267 pmol/L]) compared to cats that did not receive pimobendan (À561 pmol/L [range, À2,137 to +889 pmol/L]; P = .045).
The 31 cats were discharged with instructions for owners to administer a variety of medications, including furosemide (n = 31), clopidogrel (n = 29), pimobendan (n = 16), angiotensin converting enzyme inhibitor (n = 12), low molecular weight heparin (n = 3), taurine (n = 3), carvedilol (n = 1), and spironolactone (n = 1). Twenty-eight of the 31 cats (90%) survived to the reevaluation examination 7-10 days after hospital discharge. The cause of death for the 3 cats that did not survive to the re-evaluation included arterial thromboembolism (ATE; n = 1), sudden death (n = 1), and euthanasia for worsening CHF (n = 1). The median survival time for the 31 cats from the initial presentation was 109 days (range, 1-709 days), with 5 cats (15.6%) still alive at the time of analysis. Causes of death for the 26 cats no longer alive at the end of the study period included euthanasia for worsening CHF (n = 15; median survival time = 60 days, range 2-379 days), euthanasia due to ATE (n = 4; median survival time = 82 days, range, 6-192 days), sudden death (n = 4; median survival time = 120 days, range 4-419 days), and noncardiac causes (n = 3; median survival time = 60 days, range 41-377 days). Five cats developed ATE subsequent to the time of initial presentation for CHF, with the ATE occurring 6, 29, 82, 181, and 192 days after initial presentation for CHF.
Cats with a larger percent decrease in NT-proBNP concentration (i.e, larger than the median) from admission to discharge had a significantly longer survival time (median survival time = 182 days [range, 2-379 days]) compared to cats with a smaller percent change during hospitalization (median survival time = 60 days [range, 6-709 days]; P = .048; Fig 2) . Absolute NT-proBNP concentrations at any of the 3 time points and achieving at least a 30% decrease in NT-proBNP were not associated with survival time.
Cats that did not have signs of active CHF (n = 18) at the time of the 7-10 day re-evaluation had a longer survival time (median = 196 days [range, 11-709 days]) compared to cats with signs of active CHF at the reevaluation (n = 10, median = 82 days [range, 6-216 days]; P = .010). Cats whose owners had difficulty administering medications (n = 11) had a shorter survival time (median = 60 days [range, 2-234 days]) compared to owners who did not report difficulty (n = 20, Box plot of N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentrations in 31 cats with a first-time episode of congestive heart failure secondary to cardiomyopathy. Concentrations of NT-proBNP were measured at 3 time points in all cats: Within 4 hours of admission to the hospital (admission), at the time of discharge from the initial hospitalization (discharge), and at the re-evaluation 7-10 days later (re-evaluation). For each plot, the box represents the central 50% of the values. The horizontal line within the box represents the median NT-proBNP concentration, and the bars indicate the range. Median NT-proBNP concentrations decreased significantly over the course of the 3 time points (P < .012), with significant changes from admission to discharge (P = .005) and from admission to re-evaluation (P = .024), but not from discharge to re-evaluation (P = .58). median = 173 days [range, 1-709 days]; P = .045; Fig 3) . None of the cardiac medications or dosages, echocardiographic variables, CATCH Questionnaire scores, or other variables were significantly associated with survival time. There were no significant associations in NT-proBNP concentrations (or changes over time) between cats whose owners had difficulty administering medications and those who did not report difficulty (all P > .05), nor was there a significant association between cats with CHF at the time of reevaluation and owners' difficulty in medicating their cats (P = .856).
Discussion
One finding in the current study in cats is that a larger percent decrease in NT-proBNP concentrations during hospitalization for a first-time episode of CHF was associated with a longer survival time. Although additional research is needed to confirm these results, a larger percent decrease in NT-proBNP concentrations in cats could suggest better control and stabilization of CHF during hospitalization. The ability of NT-proBNP concentrations to reflect stabilization of CHF is supported by the results of a study in dogs with CHF, in which NT-proBNP concentrations <965 pmol/L at the time of re-evaluation (7-30 days) were associated with a longer overall survival time. 19 However, in that study, serial changes in NT-proBNP concentrations were not reported. The current study was not designed to identify an absolute target number for NT-proBNP concentrations that predict longer survival time but this would be valuable information to assess in future studies.
In people with CHF, the change in NT-proBNP concentrations provides more valuable information than the absolute value in helping to guide therapy and predicting survival. A number of studies in people have found that care supported by BNP/NT-proBNP-guided therapy as an adjunct to standard treatment results in better outcomes. 6, 8, [24] [25] [26] In people, a lowered or sustained NT-proBNP ≤ 1000 pg/mL 6 has been associated with a lower rate of adverse events and more favorable outcome. Another important predictor of outcome in people with CHF was baseline BNP and NT-proBNP concentrations and their changes or trends over a 3-month period, 27 but longer term changes in NTproBNP were not assessed in the current study. Some studies in people have indicated a 20-25% reduction in mortality with biomarker-guided therapy. 25, 26 Having a biomarker-guided therapy may be even more important as a complement to other testing in cats compared to people to improve clinicians' confidence in diagnosing heart disease or making treatment decisions for cats with CHF. NT-proBNP has already been shown to increase the accuracy and confidence of general practitioners in diagnosing CHF in dyspneic cats; accuracy without NT-proBNP was 67%, and the accuracy improved to 87% with the addition of NT-proBNP test results. 28 In studies of people with CHF, a decrease in BNP >30% during hospitalization predicted a 45% decrease in mortality risk or >40% survival advantage. 24 In addition, another study in people with CHF showed that a >30% decrease in NT-proBNP concentrations was associated with fewer adverse events, such as readmission for CHF or death within 6 months. 29 In the current study, whereas BNP was not measured, achieving >30% decrease in NT-proBNP concentrations was not associated with survival time in cats, although this may be related to the small sample size. Additional research with larger populations of cats will be necessary to identify specific cutoff values or percent decreases in NT-proBNP concentrations that can be used to help guide treatment.
In the current study, the absence of CHF at the 7-to 10-day re-evaluation was associated with a longer survival time compared to cats that had signs of CHF present at the re-evaluation. Additional research is needed, but this finding suggests that more aggressive treatment for CHF at first admission may be beneficial. This finding also could be related to the fact that owners may be more willing to continue with treatment if the cat is doing well with a clear clinical improvement early on in the course of therapy (compared to cats whose CHF is harder to control). Another possible explanation for this finding is that cats whose owners had better medication adherence after discharge were less likely to be in CHF at the time of re-evaluation. Although we did not specifically assess adherence, there was no association between difficulty in administering medications and the presence of CHF at the re-evaluation or NT-proBNP concentrations.
Given the option of euthanasia in veterinary medicine, the association between difficulty in administering medications and a shorter survival is not surprising. Administering medications can be distressing to cat owners. In a study by Reynolds et al., owners' level of concern about medicating their cats increased as the number of medications and dosing frequencies increased. 30 Such concern can negatively impact quality of life and potentially lead or contribute to a decision for euthanasia. The findings in the current study and other studies 23, 30, 31 reinforce the importance of open communication with owners regarding issues that are perceived as negatively affecting their pet's quality of life. If difficulties with administering medications are identified, strategies to improve adherence can be recommended. In the current study, the CATCH score was not associated with survival, but use of the CATCH questionnaire may be useful. Although the CATCH questionnaire was not developed for using single items, the authors have found review of the individual items to be helpful to identify difficulties with medication administration or other concerns in owners of cats with cardiac disease, and to provide strategies to address them. Poor medication adherence is a common problem in people with heart failure and has been associated with a higher risk for hospital admission, poor outcome, and death. 32, 33 Medication adherence interventions have been shown to significantly reduce mortality risk and improve hospital readmission rates for human patients with heart failure. [32] [33] [34] Median survival time for cats with CHF in the current study is similar to that reported in previous studies, which ranges from 41 to 626 days. [35] [36] [37] [38] [39] [40] [41] [42] [43] There were no associations between medications (including pimobendan) and survival time in the current study, which is likely due to the relatively small sample size and the fact that cats were receiving multiple medications. However, cats that received pimobendan had a significantly greater decrease in NT-proBNP concentrations during hospitalization compared to cats that did not receive pimobendan. This may be related to improved cardiac function and reduction of myocardial stress secondary to positive inotropic or vasodilation effects, but further research is needed as results of the current study did not prove a cause and effect relationship. One retrospective study of cats with CHF secondary to HCM reported that the median survival time for cats receiving pimobendan was significantly longer than for cats that did not receive pimobendan (626 days versus 103 days, respectively). 39 Additional research is warranted to assess the relationship between pimobendan, NT-proBNP, and survival in cats with CHF.
Previously reported variables that have been shown to have an association with survival time in cats with CHF or HCM include body weight, age, body temperature at the time of hospital admission, left atrial size and function, extreme left ventricular hypertrophy, left ventricular systolic function, presence of systolic anterior motion, and cardiac troponin I. [35] [36] [37] [44] [45] [46] Although troponin I was not measured, none of the other variables were found to be associated with survival time in the current study, which may be due to the small sample size or to a true lack of association in this population of cats.
There are a number of other limitations to the current study, including possible day-to-day and week-toweek variation in NT-proBNP concentrations, which is not well understood in cats with cardiac disease and CHF. Median daily and weekly coefficient of variation for NT-proBNP in adult healthy cats with no underlying cardiac disease was 13.1 and 21.2%, respectively. 47 Therefore, if variability is similar or greater in cats with CHF than it is in healthy cats, it could have further impacted the results. In people, the week-to-week variation for BNP and NT-proBNP concentrations can vary up to 60%, and reported day-to-day variation for NTproBNP concentrations is 26% in healthy people and 27% in patients with stable heart failure. 48 Despite the intrinsic biologic variability, these biomarkers have still been shown to be valuable in providing prognostic information and therapeutic guidance in people with CHF. Other factors which could contribute to the variability in NT-proBNP concentrations during hospitalization are medications administered, including dose and frequency, which were not standardized and were up to the discretion of the primary clinician in this study. In addition, using NT-proBNP concentrations greater than a specific cutoff (e.g, 270) is not 100% sensitive or specific for CHF, which could be the reason for 1 cat in the current study that had a value of 160 pmol/L despite clear radiographic and echocardiographic evidence of CHF. Another limitation is that this study excluded cats with concurrent diseases so results might not be completely representative of the typical population of cats with CHF that frequently have comorbidities. In the current study, the investigators did not have results of the NT-proBNP analysis until long after the cats were treated, so these values could not be used to guide treatment. Therefore, evaluating any potential benefits of NT-proBNP-guided treatment requires further study. Finally, nonmedical factors, such as owner finances or concerns for hospitalization, also can impact the management and clinical course of cats with CHF and likely changes in NTproBNP. Despite these limitations, the significant association between a larger decrease in NT-proBNP concentrations and survival indicates that further investigation is warranted to evaluate the potential utility of NT-proBNP as an adjunct in the management of cats with CHF. 
